The factor VII-activating protease (FSAP) variant Marburg I is known to attenuate the profibrinolytic system in vitro and was recently shown to be a significant predictor for the evolution and progression of carotid stenosis. 
Introduction
Factor VII-activating protease (FSAP) has 2 main functions in coagulation. It was first described as a tissue factor-independent activator of factor VII promoting early steps of the coagulation pathway 1 and was later found to contribute to the fibrinolytic pathway by activating prourokinase. 2 The Marburg I polymorphism (Gly511Glu) is a frequent variant of FSAP in which the activity toward prourokinase is diminished, while the capacity to activate factor VII is preserved. 3 Due to the resulting hemostatic imbalance, it seems likely that FSAP Marburg I may promote the development of thromboembolic diseases. FSAP Marburg I was shown recently to be a significant predictor for the evolution and progression of carotid stenosis, 4 but it is unknown whether it plays a role in the occurrence of venous thromboembolism (VTE).
This case-control study was designed to determine whether FSAP Marburg I is associated with an increased risk of VTE.
Study design
During May 2003 and May 2004, a total of 239 patients with a history of VTE were admitted to our institution for thrombophilia work-up. Patients were referred from regional hospitals and primary care physicians from Berlin-Brandenburg (Germany). We excluded 21 patients with axillary, mesenteric, or cerebral vein thrombosis because natural history might be different to deep vein thrombosis (DVT). Five patients refused to participate in this study. The remaining 213 patients with objectively confirmed DVT and/or pulmonary embolism (PE) (DVT, n ϭ 151; PE, n ϭ 17; DVT ϩ PE, n ϭ 45) were enrolled. The median interval between VTE and presentation was 9.5 months (range, 0.4-83 months). The clinical characteristics of patients and controls are shown in Table 1 . Secondary VTE due to acquired risk factors (immobilization, surgery, trauma, pregnancy, puerperium, malignancy) was present in 51.6% (n ϭ 110) of cases. VTE was defined as idiopathic (n ϭ 103, 48.4%) if it had not occurred during or fewer than 3 months after exposure to one or more acquired risk factors.
During the initial examination the following parameters were determined 5, 6 : Factor V 1691G 3 A (factor V Leiden) and prothrombin (PT) 20210G 3 A; activity of antithrombin (n ϭ 205), protein S (n ϭ 129), and protein C (n ϭ 128); anticardiolipin IgG/IgM (n ϭ 211), and lupus anticoagulants (n ϭ 206). FSAP Marburg I (1601G 3 A) was analyzed retrospectively using the same protocol 6 and the following primer pairs: FSAP 1601G/wild-type: forward primer: 5Ј tggggcctggagtgtgg 3Ј; reverse primer: 5Ј ggtgtccattgttggcc 3Ј; FSAP 1601A/Marburg I: forward primer: 5Ј tggggcctggagtgtga 3Ј; reverse primer: 5Ј ggtgtccattgttggcc 3Ј. Blood donors (n ϭ 213, controls) from the same geographical area as the patients were recruited by sex/age-stratified sampling (age strata [y]: Ͻ 20, 20-29, 30-39, 40-49, 50-59, and Ն60) according to the distribution of cases. Consecutive donors with no history of VTE were enrolled until the respective sex/age groups reached the number of cases. Controls were tested for factor V 1691G 3 A, PT 20210G 3 A, and FSAP 1601G 3 A. The study was approved by the local ethics committee. All participants gave informed consent.
Statistical analyses included univariate analysis (Fisher exact test) and logistic regression analysis with factor V Leiden, PT 20210G 3 A, and FSAP Marburg I as independent variables. Statistical analyses were performed using SPSS statistics package V.11 (SPSS, Chicago, IL) and GraphPad Prism 4 (GraphPad Software, San Diego, CA).
Results and discussion
The laboratory characteristics of patients and controls are shown in Table 2 . The overall frequencies of FSAP Marburg I in cases and controls were 8.0% (n ϭ 17) and 2.3% (n ϭ 5), respectively. FSAP Marburg I was independently associated with VTE (odds ratio, 3.5; 95% CI, 1.2-10.0). All carriers of FSAP Marburg I were heterozygous for this variant. Regarding patients with idiopathic VTE, the independent association with FSAP Marburg I was even stronger than that identified for all patients (odds ratio, 6.2; 95% CI, 2.0-18.9). After exclusion of patients who developed idiopathic 
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VTE under hormonal contraception (n ϭ 18), FSAP Marburg I remained independently associated with VTE (odds ratio, 5.7; 95% CI, 1.7-19.6). In patients with secondary VTE (n ϭ 5, 4.5%) due to acquired risk factors, no association with FSAP Marburg I could be demonstrated.
Significant hereditary thrombophilic risk factors other than FSAP Marburg I, for instance, factor V Leiden (n ϭ 54), PT 20210G 3 A (n ϭ 13), factor V Leiden ϩ PT 20210G 3 A (n ϭ 3), factor V Leiden ϩ protein S deficiency (n ϭ 2), protein S deficiency (n ϭ 1), and antithrombin deficiency (n ϭ 1) were found in 74 patients. A history of VTE in relatives of patients with FSAP Marburg I and no other significant hereditary thrombophilic risk factors was found in 4 of 10 cases. The frequencies of carriers of factor V Leiden and PT 20210G 3 A in controls, patients with VTE, and idiopathic VTE (Table 2 ) are in agreement with previously published data, 7-9 reflecting the comparable composition of our collectives.
Based on our data FSAP Marburg I appears to be a candidate for hereditary thrombophilia. However, some details of our study should be discussed. We analyzed prevalent and not incident cases. Thus, there might be a tendency for inadequate recall of past events. This will not influence the accuracy of the detection of FSAP Marburg I and VTE, because both were based on objective findings. However, the recall of circumstances of VTE might be in some cases incomplete, although the majority of patients presented within 1 year after VTE.
The association of FSAP Marburg I with VTE in prevalent cases could be due to a survival bias of this factor. Although this explanation does not seem likely, it cannot be completely ruled out. An additional potential source of bias is the used control group. Blood donors necessarily should have no known underlying diseases, for example, malignancies or autoimmune diseases. However, as these diseases are not likely to influence the genotype frequency of FSAP, our control group seems to be suitable for determining the frequency of FSAP Marburg I in our geographical area.
FSAP Marburg I is a prevalent variant that exhibits an independent association with VTE. Similar to the prevalence of factor V Leiden and PT 20210G 3 A, 9 its frequency in the general population is about 2% to 4%. 4 Its effect was especially pronounced in patients with idiopathic VTE, who are known to be prone for recurrence of disease. 10 However, based on the presented data, no statement about the influence of FSAP Marburg I on the recurrence rate of VTE is possible. This should be the aim of further studies. The possible significance of FSAP Marburg I becomes obvious when one considers that many previously described thrombophilic risk factors were found to be associated with VTE only under certain circumstances, for example, in surgical patients 11 or in combination with other thrombophilic risk factors. [12] [13] [14] Finally, our results might be helpful in understanding the findings of Prandoni et al, 15 who described an association between atherosclerosis (carotid plaques) and idiopathic but not secondary VTE and who raised the question whether these 2 conditions might share common risk factors. Interestingly, FSAP Marburg I was initially described as a predictor for the evolution and progression of carotid stenosis, 4 and in our study it could be demonstrated to be associated with idiopathic but not with secondary VTE (Table 2) .
Larger studies are needed to conclusively determine the importance of FSAP Marburg I in VTE. 
